Decreasing the agar concentration of a counting medium from the usual 1.5% resulted in larger colonies with less interference from gas in Clostridium botulinum 115B and C. sporogenes PA 3679. Optimal agar concentration was 0.65 % for C. botulinum with 24-hr incubation and 0.50% for C. sporogenes with 48-hr incubation. Lower concentrations yielded growth too diffuse for counting. Motility was considered the explanation for increased colony size in softer agar. The greater the degree of motility, the greater would be the diffusibility expected, and thus the higher the agar concentration required to insure discrete colonies. For quantitating motility, evaluations were made by use of microscopic examination of liquid cultures and rate of diffusion in a semisolid medium. With both criteria, the degree of motility of C. botulinum 115B clearly exceeded that of C. sporogenes PA 3679. Small-colony variants of C. botulinum in 0.65 % agar yielded only small colonies on subculture, with a corresponding decrease in degree of motility of the cells by both criteria. Colony size of the nonmotile C. perfringens ATCC 3624 was unaffected by lowered agar concentrations.
Two difficulties in counting subsurface colonies of Clostridium are relatively small size and abundant gas production. It has long been known that lower concentrations of agar result in larger colonies in certain microorganisms (1) . However, no reports have come to our attention concerning application of this phenomenon to counting Clostridium colonies. This paper deals with the effect of agar concentration on size and distinctness of Clostridium colonies in a counting medium modified from that of Wynne, Schrnieding, and Daye (7 (Fig. 1) . With decreasing agar concentration, size of colonies gradually increased; in fact, in 0.5% agar growth was diffuse. Optimal concentration was 0.65%. After 48 hr, the colonies were only slightly larger, with no increase in number (Fig. 1) . Gas production caused troublesome cracks in the medium with 1.5% agar; in decreasing agar concentrations, the gas was more diffusible, collecting between the counting medium proper and the agar seal. Agar concentrations lower than 0.65% yielded colonies diffusing to such an extent that intermingling occurred.
C. sporogenes. After 24 hr of incubation at 37 C, C. sporogenes also yielded dot-like colonies with 1.5% agar (Fig. 2) over, gas was absent in all tubes. After 48 hr, the colonies increased somewhat in size in all agar concentrations (Fig. 2) ; furthermore, the number of colonies increased by about 10% over the 24-hr count. Gas formation caused less difficulty than in C. botulinum. Colonies were too diffuse for accurate counting in 0. 30 Motility. The degree of motility of C. botulinum clearly exceeded that of C. sporogenes, as evidenced by microscopic examination of coded preparations from liquid cultures, as well as by rapidity of diffusion in a semisolid motility medium (Fig. 3) .
Isolation ofa small-colony variant. A few of the C. botulinum colonies in the soft-agar medium remained small (Fig. 1) . By plating extreme dilutions of spores of C. botulinum, single colonies of the small type were isolated and found to produce only small colonies on subculture. The large type similarly isolated produced only large colonies.
Comparison of the degree of motility of the two types, by both methods described above, showed the small-colony type to be clearly less motile than the large-colony type. The difference in motility medium is illustrated in Fig. 4 ; the smallcolony type grew along the line of the stab, whereas the large-colony type migrated throughout the width of the tube.
DIscussioN
Reducing the agar concentration in a modification of the Clostridium counting medium of Wynne, Schmieding, and Daye (7) yielded much larger colonies and less difficulty from gas in C. botulinum and C. sporogenes. Motility is considered the explanation for increased colony size in softer agar. The optimal concentration was 0.65% for C. botulinum with 24-hr incubation and 0.50% for C. sporogenes with 48-hr incubation. Of two motile organisms, the one with the greater degree of motility would be expected to exhibit greater diffusibility, and would thus require higher agar concentration to insure discrete colonies. Employing two methods to evaluate motility, we found that C. botulinum was indeed more motile than C. sporogenes. This mechanism is further substantiated by results with the two colony types of C. botulinum.
Several workers (2, 5, 6) have observed large elongated colonies of staphylococci in a semisolid agar medium; simple diffusion appears the likely explanation. Greenberg (3) reported that the nonmotile C. perfringens he isolated in extremely soft agar produced rather large, elongated colonies. Mandia (4) suggested that C. perfringens has a slight gyratory motion which, in a relatively fluid medium, activates a common slime layer, resulting in pseudomotility. In the present study, softer agar was not useful in significantly increasing size and distinctness of C. perfringens colonies. 
